LOW VOLTAGE MICRO SWITCH 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The present invention relates to a micro switch and, more particularly, to a 
low voltage micro switch capable of being driven at a low voltage, accurately 
controlling ON/OFF, and facilitating processes and integration with a circuit part. 

10 2. Description of the Background Art 

Electronic systems used at a high frequency band are becoming ultra- 
compact, ultra-light and better in performance. Accordingly, in the existing 
electronic system, researches are ongoing on a micro switch using a new 
technology called a micromachining as a substitute for a semiconductor switch 
is such as an FET (Field Effect Transistor) or a pin diode. 

The conventional semiconductor switches have problems in that their 
power loss is high, there is a distortion and nonlinearity, and ON/OFF insulation is 
not completely made. 

Researches are widely ongoing toward implementing micro switches such 
20 as a MEMS switch or a tunable capacitor by employing an actuator which is 
fabricated by using the micromachining technology and has mechanical motion. 

The micro switches can be applied to next-generation mobile 
communication terminals, personal digital assistance (PDA), wireless 
communication systems, phase shifters, antenna tuners, receivers, transmitters, 
25 phase arrayed smart antennas, satellite broadcasters, satellite communicators or 
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the like, and as such it is highly expected to accomplish compact, light, high- 
performance and low-priced electronic systems. 

Most of micro switches, such as the MEMS switches and the tunable 
capacitor, which have been developed and proposed to date employs the actuator 

5 operated by an electrostatic force or a magnetic force.. 

Even though the MEMS switch and the tunable capacitor driven by the 
electrostatic force have such a low power consumption as to be neglected, they 
are disadvantageous in terms of reliability that a stiction problem occurs due to 
charging and microwelding when they are driven. 

10 Meanwhile, referring to the MEMS switch and the tunable capacitor driven 

by the magnetic force, even through they can be driven at a low voltage, their 
power consumption is quite high and their fabrication process is complicate, and in 
addition, because it is difficult to integrate them together with other integrated 
circuit device on a single chip, a size of a system can not be much reduced. 

15 Therefore, a micro switch, that can be driven at a low voltage, have a high 

reliability and can be integrated together with other integrated circuit on a single 
substrate, is required. 

SUMMARY OF THE INVENTION 

20 

Therefore, an object of the present invention is to provide a low voltage 
micro switch capable of being driven at a low voltage, accurately controlling 
ON/OFF, and facilitating processes and integration with a circuit part 

To achieve these and other advantages and in accordance with the 
25 purpose of the present invention, as embodied and broadly described herein, 
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there is provided a low voltage micro switch including: a substrate having an 
actuating space formed by etching at a certain area therein; an actuating unit 
having a piezoelectric material extended in a cantilever beam shape from a portion 
of the substrate to the actuating space of the substrate and a bias electrode; a 

5 conductive signal line extendedly formed at a certain interval from one side of the 
substrate and having a disconnected portion; a supporting unit connected to the 
actuating unit, positioned in the actuating space, and moving according to 
actuation of the actuating unit; a switching unit formed at the supporting unit and 
connecting or disconnecting the disconnected portion of the conductive signal line 

10 according to movement of the supporting unit; and one or more ground units 
formed at the substrate. 

To achieve the above object, there is also provided a low voltage micro 
switch including: a substrate having an actuating space formed by etching at a 
certain area therein; an actuating unit having a piezoelectric material extended in a 

15 cantilever beam shape from a portion of the substrate to the actuating space of the 
substrate and a bias electrode; a conductive signal line extendedly formed at a 
certain interval from one side of the substrate; a supporting unit connected to the 
actuating unit, having a connection electrode connected to the substrate, and 
moving according to actuation of the actuating unit in the actuating space; a 

20 capacitor unit formed on the connection electrode of the supporting unit and 
contacted to or separated from the conductive signal line according to movement 
of the supporting unit; and one or more ground units formed at the substrate. 

The foregoing and other objects, features, aspects and advantages of the 
present invention will become more apparent from the following detailed 

25 description of the present invention when taken in conjunction with the 
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accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The accompanying drawings, which are included to provide a further 

understanding of the invention and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and together with the 
description serve to explain the principles of the invention. 
In the drawings: 

10 Figure 1 is a perspective view showing one example of a low voltage 

micro switch in accordance with the present invention; 

Figure 2 is a front sectional view of the low voltage micro switch; 

Figure 3 is a perspective view showing another example of a ground unit 
constituting the low voltage micro switch; 
15 Figure 4 is a plan view showing an actuating unit, a supporting unit and a 

switching unit of the low voltage micro switch; 

Figures 5 through 9 are plan views showing various examples of the 
actuating unit, the supporting unit and the switching unit of the low voltage micro 
switch; 

20 Figures 10 to 12 show interconnections (circuit diagrams of types of 

general micro switches; 

Figure 13 is a front sectional view showing another example of the low 
voltage micro switch in accordance with the present invention; and 

Figure 14 is a front sectional view showing still another example of the low 
25 voltage micro switch in accordance with the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Reference will now be made in detail to the preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings. 

5 Figure 1 is a perspective view showing one example of a low voltage 

micro switch in accordance with the present invention, and Figure 2 is a front 
sectional view of the low voltage micro switch. 

As shown, the low voltage micro switch includes: a low voltage micro 
switch including: a substrate 100 having an actuating space 101 therein; an 

10 actuating unit 110 having a piezoelectric material extended in a cantilever beam 
shape from a portion of the substrate 100 to the actuating space of the substrate 
and a bias electrode; a conductive signal line 120 extendedly formed at a certain 
interval from one side of the substrate 100 and having a disconnected portion; a 
supporting unit 130 connected to the actuating unit 110 and moving according to 

15 actuation of the actuating unit 110; a switching unit 140 formed at the supporting 
unit 130 and connecting or disconnecting the disconnected portion of the 
conductive signal line 120 according to movement of the supporting unit 130; and 
one or more ground units 150 formed at the substrate 100. 

As for the substrate 100, the actuating space 101 having a certain area 

20 and depth is formed by etching a portion of silicon formed having a certain 
thickness and area, and a protection layer 102 is formed on the actuating space- 
formed silicon. An insulation layer 103 is formed on the protection layer 102. The 
insulation layer 103 can be formed directly on the silicon. 

The actuating space 101 may be formed penetratingly at a portion of the 

25 substrate 100. The penetrating actuating space 101 is formed by a bulk 

5 



micromachining technology. 

The conductive signal line 120 has a certain thickness and length, both 
end portions of which are formed bent. The bent end portions of the conductive 
signal line 120 is integrally formed on the substrate 100 so as to be positioned at 

5 both sides of the actuating space 101, and a middle portion thereof maintains a 
certain interval (2~5|im) with the substrate 100 and traverses the actuating space 
101. The middle portion of the conductive signal line 120 becomes short. 

The ground units 150 are formed to be positioned at both sides of the 
conductive signal line 120. The ground unit 150 is formed in the same shape as 

10 the conductive signal line 120. As a different embodiment of the ground unit 150, 
the ground unit 150 can be formed in a flat plate form having a certain thickness, 
width and length as shown in Figure 3. 

The conductive signal line 120 and the ground unit 150 are formed by 
electroplating, and made of a material such as Au, Cu, Ag, Ni or the like. 

15 As shown in Figure 4, the actuating unit 110 includes a base portion 112 

having a certain area and thickness and a rectangular through hole 111 and four 
cantilever portions 113 extendedly formed at certain intervals at an inner edge of 
the base portion 112. The cantilever portion has a certain width and length. 

The actuating unit 110 adopts a principle of a piezoelectric actuator and 

20 includes a first electrode layer AL1 formed on the insulation layer 103, a 
piezoelectric material layer Al_2 formed of a piezoelectric material on the first 
electrode layer AL1 , and a second electrode layer AL3 formed on the piezoelectric 
material layer AL2. 

The first and second electrode layers AL1 and AL3 are bias electrode 

25 layers to which a DC bias voltage is supplied. The first electrode4 layer AL1 can 
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be made of Tl/Pt and the second electrode layer AL3 is made of Pt or Ru0 2 . The 
piezoelectric material is much contracted and expanded according to the DC bias 
voltage. As the piezoelectric material, PZT (Pt-Zirconium-Titanium) or PLZT (La- 
coated PZT) or the like is used. 

5 When a bias voltage 1V is applied to the PZT or the PLZT material, the 

actuating unit is moved by Vm. Thus, in order to move the actuating unit 110 by 
as long as 2~5jam, a bias voltage of less than 5V should be supplied. 

The supporting unit 130 includes a rectangular thin plate portion 131 
forming the switching unit 140 and four connection portions 132 connecting the 

10 plate portion 131 and four cantilever portions. The supporting unit 130 is formed 
as an insulation layer 103 and positioned in . the actuating space 101 of the 
substrate 100. 

The switching unit 140 is formed as a metallic film on the plate portion 131 
of the supporting unit 130, and as the metallic film, a conductor metal is used. 
15 The above-described configuration is formed by the MEMS technology, 

and its schematic process will be described as follows. 

The actuating space 101 is formed by etching on the silicon plate, on 
which the protection layer 102 is formed. A sacrificial layer (not shown) is formed 
and smoothed on the actuating space 101, on which the insulation layer 103 is 
20 formed to form the actuating unit 1 10 and the supporting unit 1 30. 

The insulation layer 103 is patterned to form an outer appearance of the 
actuating unit 110 and the supporting unit 130. 

The first electrode layer AL1 , the piezoelectric material layer AL2 and the 
second electrode layer AL3 are formed on the patterned insulation layer 103 to 
25 form the actuating unit 110. 
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A metallic layer (ML) is formed on the insulation layer 103 corresponding 
to the plate portion 131 of the supporting unit 130, and the metallic layer ML forms 
the switching unit 140. 

An insulation sacrificial layer (not shown) is formed at the entire surface of 
5 the substrate 100, on which the actuating unit 110 and the supporting unit 130 
have been formed, and then, patterned, and the conductive layer is formed by 
electroplating. The conductive layer is patterned and the conductive signal line 
120 is formed thereon. 

Thereafter, the sacrificial layers are all removed to form the actuating unit 
10 110, the supporting unit 130 and the conductive signal line 120 with a 
disconnected portion. The conductive signal line 120 has a bent form and 
distanced at a certain interval from the substrate 100. 

In a different embodiment of the actuating unit 110 and the supporting unit 
130, as shown in Figure 5, the actuating unit 110 includes the base portion 112 
15 having the through hole 111 therein and one cantilever portion 113 formed 
extended with a certain length from an inner edge of the base portion 112. 

The supporting unit 130 includes the plate portion 131 forming the 
switching unit 140 and one connection portion 132 connecting the plate portion 
131 and the cantilever portion 113. 
20 The supporting unit 130 is the insulation layer 103 formed on the actuating 

space 101 of the substrate 100. 

As shown in Figure 6, there can be three connection portions 132, and two 
or three or more connection portions can be formed. 

In a still different embodiment of the actuating unit 110 and the supporting 
25 unit 130, as shown in Figure 7, the actuating unit 110 includes a base portion 112 
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having a through hole 111 therein and two cantilever portions 113 formed 
extended with a certain length at a certain interval from an inner edge of the base 
portion 112. 

The supporting unit 130 is positioned between the two cantilever portions 

5 113, and includes a plate portion 131 forming the switching unit 140 and two 
connection portions 132 connecting the plate portion 132 and the two cantilever 
portions 113. The supporting unit 130 is an insulation layer and positioned on the 
actuating space 101 of the substrate 100. As shown in Figure 8, there can be six 
connection portions 1 32. 

io In a yet different embodiment of the actuating unit 110 and the supporting 

unit 130, as shown in Figure 9, the actuating unit 110 includes a base portion 112 
having a through hole 111 therein and two cantilever portions 113 formed 
extended at a certain interval from an inner edge of the base portion 112. And, the 
supporting unit 130 includes a plate portion 131 forming the switching unit 140 and 

15 a connection portion 132 connecting one side of the plate portion 131 and the 
cantilever portions 113. The supporting unit 130 is formed as an insulation layer 
103 and positioned inside the actuating space 101 of the substrate 100. 

As mentioned above, in the low voltage micro switch, when a low voltage 
is applied to the first and second electrode layers AL1 and AL3, the bias 

20 electrodes constituting the actuating unit 110, the piezoelectric material layer AL2 
is contracted and expanded. According to the contraction and expansion of the 
piezoelectric material layer AL2, the supporting unit 130 connected to the 
actuating unit 110 is moved in a vertical direction (on the drawing) and vibrated. 

As the supporting unit 130 is vibrated up and down, the switching unit 140 

25 formed at the supporting unit 130 is also moved up and down and repeatedly 
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comes in contact to and is separated from the disconnected portion of the 
conductive signal line 120 positioned on the switching unit 140. 

In this manner, the switching unit 140 switches a signal flowing at the 
conductive signal line 120 by connecting or disconnecting the disconnected 
5 portion of the conductive signal line 120. In the process, when the supporting unit 
130 including the plate portion 131 and the connection portion 132 is moved up 
and down, the plate portion 31 maintains a horizontal state by the bending 
deformation of the connection portion 132, thereby improving reliability in that the 
switching unit 140 formed by the plate portion 131 contacts with the conductive 

10 signal line 120. 

The low voltage micro switch can be implemented in various types such 
as an SPDP (Single Pole Double Through) as shown in Figure 10, an SP3T 
(Single Pole Three Through) as shown in Figure 11, and an SPNT (Single Pole N 
Through) as shown in Figure 12. The low voltage micro switch is actuated at a low 

15 voltage. 

Figure 13 is a front sectional view showing another example of the low 
voltage micro switch in accordance with the present invention. 

As shown in Figure 13, the low voltage micro switch including: a substrate 
100 having an actuating space 101 therein; an actuating unit 110 having a 

20 piezoelectric material extended in a cantilever beam shape from a portion of the 
substrate 100 to the actuating space 101 of the substrate and a bias electrode; a 
conductive signal line 121 extendedly formed at a certain interval from one side of 
the substrate 100; a supporting unit 130 connected to the actuating unit 110, 
having a connection electrode (not shown) connected to the substrate 100, and 

25 moving according to actuation of the actuating unit 110 in the actuating space 101; 



a capacitor unit 160 formed on the connection electrode of the supporting unit 130 
and contacted to or separated from the conductive signal line 121 according to 
movement of the supporting unit 130; and one or more ground units 150 formed at 
the substrate 100. 

5 The substrate 100, the actuating unit 110 and the ground unit 150 have 

the same construction as the substrate 100, the actuating unit 110 and the ground 
unit 150 of the first embodiment as described above. 

The conductive signal line 121 has a certain thickness, width and length, 
and both end portions thereof are bent. The bent portion is integrally formed with 

10 the substrate 100, and a portion positioned between the bent portions maintains a 
certain interval (isolation) with the substrate 100. Namely, the conductive signal 
line 121 does not have a disconnected portion. 

The supporting unit 130 includes a connection electrode (not shown) 
therein, and its outer appearance has the same shape as the supporting unit of 

15 the low voltage micro switch of the first embodiment. 

The capacitor unit 160 includes a first metallic layer CL1 formed at an 
upper portion of the connection electrode of the support unit 130, a dielectric layer 
CL2 formed on the first metallic layer CL1 and a second metallic layer CL3 formed 
on the dielectric layer CL2. The capacitor unit 160 is formed at a plate portion 131 

20 of the supporting unit 130. 

In a different embodiment of the capacitor unit 160, as shown in Figure 14, 
a high resistance silicon layer 104 having a connection electrode, instead of the 
insulation layer 103, is formed on a protection layer 102, and the first metallic layer 
CL1 , the dielectric layer CL2 and the second metallic layer CL3 are formed on the 

25 high resistance silicon layer 1 04. 



In the low voltage micro switch, when a low voltage is applied to the first 
and second electrode layers AL1 and AL3, the bias electrodes constituting the 
actuating unit 110, the piezoelectric material layer AL2 is contracted and expanded. 

According to the contraction and expansion of the piezoelectric material 
layer AL2, the supporting unit 130 connected to the actuating unit 110 is moved in 
a vertical direction (on the drawing) and vibrated. 

As the supporting unit 130 is moved up and down, the capacitor unit 160 
formed at the supporting unit 130 is also moved up and down and repeatedly 
comes in contact with and is separated from the conductive signal line 120 
positioned on the capacitor unit 160. In this manner, when the capacitor 160 is in 
contact with the conductive signal line or separated from the conductive signal line, 
impedance flowing at the conductive line is controlled. 

In the process, when the supporting unit 130 including the plate portion 
131 and the connection portion 132 is moved up and down, the plate portion 131 
maintains a horizontal state by the bending deformation of the connection portion 
132, thereby improving reliability in that the capacitor unit 160 formed by the plate 
portion 131 contacts with the conductive signal line 120. 

The low voltage micro switch can be implemented as various types of 
switches, and driven at a low voltage (at or below 5V). 

As so far described, the low voltage micro switch in accordance with the 
present invention has the following advantages. 

That is, for example, the resistance type or capacitance type micro switch 
driven at a low voltage can be easily implemented by using a MEMS technology, 
and since a supplementary circuit part can be integrated on the same substrate 
100, integration can be easy and the size of an applied product can be reduced. 
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In addition, since the micro switch can be driven at a low voltage, there is 
no charge accumulation according to driving, so a stiction problem can be 
prevented and thus reliability can be improved. 

As the present invention may be embodied in several forms without 
5 departing from the spirit or essential characteristics thereof, it should also be 
understood that the above-described embodiments are not limited by any of the 
details of the foregoing description, unless otherwise specified, but rather should 
be construed broadly within its spirit and scope as defined in the appended claims, 
and therefore all changes and modifications that fall within the metes and bounds 
10 of the claims, or equivalence of such metes and bounds are therefore intended to 
be embraced by the appended claims. 
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